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Introduction
Further economic and monetary integration in Europe is currently on hold due to the crisis and even questions about the possible exile of Greece. Especially in those conditions it is important, to see whether integrated Europe can handle future problems and if economic and monetary integration can be helpful or rather more problematic. The main aim of this paper is to check to what degree business cycles are synchronized in the Eurozone and the European Union and what the main determinants of business cycles synchronization are. To achieve this following steps are taken. Firstly, we turn to optimum currency area theory, to see what conditions need to be meet, if the European Union and the euro area can use common monetary policy to deal with some economic shocks.
In my analysis, I used yearly data from World Bank, IMF Directions of Trade, EUROSTAT, EU KLEMS, and IMF IFS. All data were available for the European Union and the euro area member countries mostly for the period of 1991-2011. The exceptions are time series of economy structure, which ended in 2007 and convergence, which ended in 2010.
The structure of the paper is as follows: in section one the theoretical framework of traditional and recent optimum currency area concepts is briefly discussed. Section two contains all necessary methodological explanations. In section three the preliminary data analysis is employed to see how business cycles and their determinants were acting during last 20 years. Finally, in section four panel data analysis is used to check how those determinants actually influence business cycles synchronization. Section 5 concludes.
Theory of Optimum Currency Areas
M. Friedman (1953) initiated an ongoing debate on optimal exchange rate for a given economy. According to his arguments, in conditions of nominal rigidities within the country freely floating exchange rate works as an adjustment mechanism. But as other researchers pointed out, a country itself does not have to be optimal entity for maintaining one currency. Due to these observations, including several conditions is a necessity when defining borders of optimum currency area. Then optimum currency area can be defined as a domain where benefits of adopting common currency outweight the costs of lack of monetary autonomy and flexibility of a single country exchange rate (Hallwood, MacDonald 2000) .
The so called "old" theory of optimum currency areas was trying to identify criteria that would make abolition of flexible exchange rate and independent monetary policy for a member country as least costly as possible. Perfectly elastic wages and prices can replace flexible exchange rate and independent monetary policy ( de Grauwe 2007) . Inspired by M. Friedman work R. Mundell (1997) suggested that a country itself did not need to be such an homogenous organism that adjustment processes could be accomplished through exchange rate flexibility and after J. Meade (1957) proposed labor force mobility criterion (Mundell 1961) .
R. McKinnon proposed additional criterion -openness of economies of potential currency union member countries (McKinnon 1963) . Highly open to each other, the member economies would be characterized with more symmetric distribution of economic shocks. Additionally, high amplitude of variation of exchange rates would strongly disturb inner price stability of such a type of economy (Maes 1992) . P. Kennen proposed two additional criteria of optimum currency area. Firstly, covering fiscal and monetary domain (Kennen 1969), which nowadays is described as fiscal federalism -interregional fiscal transfers are becoming adjustment mechanism within common currency area (Kennen 1969) (from regions experiencing expansion to ones experiencing depression) (Fatás 1997) . The second criterion proposed by P. Kennes is diversification of production (and consumption) structure, which is reflected with versatile export structure (Bukowski 2007) . According to the author, a higher economy diversification structure leads to distribution of sector specific shocks more evenly in the whole economy (Jurek 2004) .
All those criteria laid foundations for the old theory of optimum currency areas. The theory had static character and could be helpful in determining whether at a given point of time it is optimal solution for a given country to enter a currency union. On the other hand, development of economic theory, especially the concept of natural rate of unemployment by M. Friedman (1968) and E. Phelps (1967) , as well as the influence of rational expectations theory on monetary policy effectiveness (Lucas 1972) , decreased the perceived costs of independent monetary policy abolition. Portfolio-balance and assets models indicated that exchange rate could vary a lot from its fundamentals, particularly from international trade variables (Tavlas 1993) . In the light of these concepts changes in nominal exchange rate and independent monetary policy have an impact on the economy only in the short run. At the same time, economists started emphasizing qualitative character of monetary unification and large spread of benefits that it brings (Mongelli 2002) .
All this findings led to creation of the "new" theory of optimum currency areas (Tavlas 1993) .
Along with the "new" theory of optimum currency areas and more dynamic approach to integration processes within monetary union, two contradicting views on its performance came about. The first one is known as "European Commission View" and states that the more advanced economic integration is, the lower probability of asymmetric economic shocks to occur, they are also expected to be less frequent and less intensive (One market…1990) . This effect is explained by an increased share of intra-industry trade, which leads to a more symmetrical distribution of economic shocks (Horvath, Komarek 1990) .
With "European Commission View" is connected endogeneity of optimum currency areas criteria hypothesis created by J. Frankel and A. Rose, who, as they stated, wanted to use "Lucas Critique" (Lucas 1976 ) to optimum currency area analysis. According to their observations, a progress in economic integration leads to higher business cycles correlation through more symmetric distribution of demand shocks and increase of intra-industry trade (Frankel, Rose 1997) . This, in consequences, means that optimum currency area criteria do not need to be fulfilled ex ante, an can be fulfilled ex post. G. Lee and M. Azali came to similar conclusions based on their research on East Asia (Lee, Azali 2009) as well as J. Silvestre, A. Mendonça and J. Passos, who, on the other hand, found out that the increases of international trade intensity had decreasing marginal effect on business cycles synchronization (Silvestre et al. 2007) .
Besides intra-industry trade nowadays, economists enlist different origins of optimum currency area endogenity. R. Mundell and R. McKinnon argue that currency unification leads to domestic residents' portfolio diversification by adding foreign bonds or other foreign financial assets (McKinnon 2001) . Authors explain this occurrence by elimination of exchange rate risk -this phenomenon is known as risk sharing and was considered the main part of optimum currency area, by its founder R. Mundell in 1973 (Warin et al. 2008 . This theoretical view is strongly supported by the data on impact of monetary integration in Europe on international portfolio diversification (Beck, Możdżeń 2011) . A higher degree of portfolio diversification leads to more symmetric economic shock distribution. Additionally, participation in common currency area implies inability to use idiosyncratic monetary policy which reduces the probability of asymmetric monetary shocks occurrence in the member states (Beck 2011) , and in turn leads to higher business cycles correlation (Babetski 2004 ). P. de Grauwe argues that difference in a type of monetary regime is considered one of the main sources of asymmetric economic shocks (de Grauwe 2003) .
The second voice considering dynamic approach to common currency area performance is known as "the Krugman's View". P. Krugman argues that in integrating economies four following phenomenon will occur (Krugman 1993) : regional specialization, instability of regional export, pro-cyclical capital flows and divergence of long run growth.
T. Bayoumi and B. Eichengreen came to the same conclusions using econometrics. They argued that the United States as a common currency area are characterized by a higher specialization and a higher intensification of asymmetric demand shocks when compared to less integrated European Union (Bayoumi, Eichengreen 1992) . Despite strong theoretical and empirical arguments "the European Commission View" and endogenity of optimum currency criteria hypothesis seem to dominate economic debate. This fact can be explained be the latest research contradicting Bayoumi and Eichengreen, but still the hypothesis has not been verified in a definite way (de Grauwe, Mongelli 2005) .
Data and Methodology
Business cycles synchronization approach is used in order to verify, if the euro area and the European Union are optimum currency areas. To justify this choice, two arguments can be raised. The first one considers the lack of proper adjustment mechanisms in absence of flexible exchange rates and independent monetary policy. Neither the euro area, nor the European Union have any institutions that facilitate federal fiscalism. Certainly, the European Union provides redistribution of means as part of the structural policy, and even though this policy can lead to a higher degree of real convergence, it can't function as an adjustment mechanism. Also preliminary data analysis has shown a very low level of labor force mobility. Not only are net migration rates very low (especially in a case of the euro area), but they are also better explained by differences in real wage level, then by changes of unemployment or GDP growth rate and their deviation from natural levels. Finally employing vector autoregression model (VAR) 1 has shown insufficient degree of wage elasticity, to serve as adjustment mechanism 2 . As the second reason, one considers the nature of business cycles synchronization. All optimum currency area criterion focused on more symmetrical spread of economic shocks (level of trade and intra-industry trade, economy diversification, degree of specialization), are reflected in a higher business cycles synchronization. Of course, symmetrical spread of economic shocks and business cycles synchronization are not the same thing, that's why in our analysis some control variables are used in order to correct that difference. Also the business cycles approach allows to include some dynamic aspects of monetary integration, like impact of participation in the monetary union and its effects on convergence, specialization and trade.
To show how business cycles synchronization is determined by the above mentioned factors two approaches are used. Both in the preliminary analysis and panel data approach, there are the same samples used consisting of the European Union and the euro area member countries.
Measures of Business Cycles Synchronization
In the case of the preliminary data analysis correlation coefficient for a period of ten years is calculated to investigate business cycles synchronization between two countries. The measure is defined as:
where: r(g i ,g j ) -GDP growth rates correlation coefficient for countries A and B; g ik -GDP growth rate of country A at year k; gj k -GDP growth rate of country B at year k; − average GDP growth of country A; − average GDP growth of country B.
To capture effects for euro area as a whole mean value of correlation coefficients is taken, which is defined as:
due to fact that euro area has 17 member countries. Analogically, the average value of correlation coefficient for the European Union can be defined as:
In the case of panel data approach, the absolute value difference in year to year GDP growth rates between two countries is used. The value of the measure at year k is defined as:
One must admit that this measure is less precise then the other presented previously, but it has the advantage of maintaining the length of times series untouched.
Measures of International Trade
In order to measure the impact of international trade on business cycles synchronization in panel data approach bilateral values of international trade as percentage of GDP for each pair of countries for every year k were calculated. The measure is defined as:
For preliminary data analysis approach in the case of the euro area, the average value of bilateral trade as a percentage of GDP between all member countries was calculated. Measure for the euro area is defined as:
and for the European Union as:
Measures of Economy Structure Similarity
To measure similarity in economy structure for panel data analysis two bilateral correlation coefficients were calculated. The first is defined as:
where: (x ik ) l -production of sector l as percentage of GDP of country i, at year k; (x jk ) l -production of sector l as percentage of GDP of country j, at year k; cov -covariance; s -standard deviation.
Second measure is defined as: In preliminary data analysis approach average values of above mentioned measures were calculated. For the euro area and the European Union respectively, they are defined as: In all cases, the values of proposed measures belong to interval [-1,1], and the higher the value, the more similar economies structures are.
Measures of Specialization
To measure level of specialization pairwise-Krugman Specialization Indices were employed. In as case of panel data approach, their values are defined as:
for production and:
In preliminary data analysis approach average values of above mentioned measures were calculated. For the euro area and the European Union respectively, they are defined as: In all cases values of the proposed measures belong to interval [0, 2] , and the higher the value the less similar two economies are.
Measure of Convergence
For the panel data approach measure of convergence of two countries is defined as:
In the preliminary data analysis approach, the average values of the abovementioned measures were calculated. For the Euro area and the European Union respectively, they are defined as:
The lower the value of proposed measure, the more converged the two economies are.
Measure of Monetary Union Participation
In panel data analysis dummy variable was defined to measure the impact of participation in the monetary union. If both countries are monetary union members = 1; if at least one of them is not = 0. In the case of preliminary data analysis approach, the average value of dummy variable was calculated -by division by 136 for the euro area and 351 for the European Union. So, the values of the monetary union participation belong to interval [0,1] for the European Union, and [0,1] for euro area. The higher the value of variable, the more countries are the euro area members.
Control Variables
The measures presented above, intact with optimum currency areas theory, should reflect economic shock distribution. To measure impact of a monetary union participation, bilateral trade, structure similarities and specialization on business cycles synchronization the macroeconomic policy variables should be defined as control ones. In the panel data analysis, we measure the impact of differences in the monetary policy using the following formula:
where: g i (M2) -growth rate of M2 in country i; g j (M2) -growth rate of M2 in country j.
For the preliminary data analysis approach, proper averages were calculated, so that the measures are defined as:
for the euro area and the European union respectively. To measure the impact of differences in fiscal policy for panel data approach following two measures were calculated: For preliminary data analysis as measures of differences in fiscal policy averages for all countries of the Euro area and the European Union were calculated:
For all presented measures, the lower the value, the lower the differences in economic policy between member countries.
Preliminary Data Analysis
In order to measure business cycles synchronization, we used yearly data on GDP growth rates from the World Bank. As main determinants suggested by theory of optimum currency areas following variable were chosen: bilateral trade among the member states; correlation of economies structure, Paiwise_Krugman Specialization Index, convergence and monetary union participation dummy variable. To measure bilateral trade yearly, data from the IMF Directions of Trade was used, for correlation of economies structure, pairwise Krugman Specialization Index from the EU KLEMS database was taken. To measure convergence, the data from the World Bank was used. Also, control variables were defined: changes in government budget position and the changes in government expenditure, for which yearly data were extracted from the EUROSTAT. To measure differences in monetary policy regime, differences in M2 growth rates were applied, and the data for that purpose come from the World Bank and the IMF IFS. All data were available for the European Union and euro area member states mostly for the period 1991-2011. The exceptions are time series of economy structure, which ended in 2007 and convergence, which ended in 2010.
Business Cycles Synchronization
Values of the average correlation coefficients of GDP growth for European Union are presented in Figure 1 . During first three analyzed periods, the values of average correlation coefficient had been above 0.4, and then they dropped significantly in the forth period. Since then, we have observed consecutive increase in its value till extreme rise in period between 1999-2009. This high increase might have had its sources on one hand in the creation of the monetary union, and in the financial crisis that had a negative impact on the GDP growth rates of all European Union Countries. Position of inner fences in boxplot suggest that for the whole analyzed period the majority of pairs of countries had positively correlated GDP growth rates. Especially since the period between 1999-2009 50% of all pairs of countries had their business cycles correlated at the level above 0.8.
Even though any clear tendency hasn't appeared, we can observe a steady rise in the average value and stronger concentration of observations since the period between 1994-2003. At this point, we can't add anything more, but some conclusions arise when we compare this values with those of euro area.
Values of average correlation coefficients of GDP growth for the euro area are presented in Figure 2 . In comparison with the European Union, the values of average correlation coefficient are constantly higher for the entire analyzed period. Skewness is consecutively negative, so as before most pairs of countries have positively correlated GDP growth rates. The value of median suggests that 50% of all pairs of countries had the correlation coefficient above 0,49 and starting since period between 2000 and 2009 even above 0,8.
A comparison of two box plots allows to draw couple conclusions. Firstly, the changes in the degree of business cycles synchronization are very similar in case of the European Union and the Euro area. The euro area is constantly characterized by higher values of correlation coefficients and concentration. Unfortunately , those differences can be explained by participation, as well as initial differences in the level of integration of the member countries.
Trade, Structure Similarities, Specialization and Convergence
On average, the value of trade between the European Union countries is equal to roughly 11% of GDP. Both correlation coefficients and pairwiseKrugman Specialization Indices show rather high similarities between the European Union countries. When we put those values against time, more developed conclusions arise. In Figure 3 , the data on the average values of bilateral trade and convergence are presented. The value of trade has been steadily increasing over the whole analyzed period. On the other hand, we can observe a very impressive decrease in the differences between GDP per capita level among member countries. If theory predictions are correct, both these factor should lead to higher business cycles synchronization.
In Figure 4 , we can observe the values of correlation coefficients and pairwise-Krugman Specialization Index for both production and employment. During the entire period, similarities of economies structure were declining -a downfall of correlation coefficient and a rise in pairwise-Krugman Specialization Index for both production and employment. But in both cases, divergence of economy structure is higher in the case of production and employment. This phenomenon can be explained by differences in productivity among sectors. If there are obstacles in free labor factor movements among sectors (like the European Union support for agriculture sector), countries can't effectively specialize in production of goods in which they have comparative advantage. So, one might conclude that removal of these impediments will result in further specialization.
The average value of bilateral trade among the euro area countries is slightly higher than in the case of the European Union. But correlation coefficients and pairwise-Krugman Specialization Indices show slightly lower similarities between the Euro area countries, when compared with the Euro-pean Union. In Figure 5 , data on average values of bilateral trade and convergence have been presented. International trade among the euro area countries is at a rather steady level, except for two periods. The first one starts in 1999, when average bilateral trade started increasing, and the second one starts in 2008, when trade took a slight drop. The first episode's characteristics can be explained by higher economic integration and formation of a monetary union, and the second one by the crisis and its impact on overall economic activity.
In Figure 6 , we can observe values of correlation coefficients and pairwise-Krugman Specialization Index for both production and employment. Like in the case of the European Union, during the entire period the similarities of economies structure was declining -a downfall of correlation coefficient and a rise in pairwise-Krugman Specialization Index for both production and employment. This effect is especially strong for ksi(y), whose values remain stable since 1995. Explanation of differences in values of indices measured in production and employment is the same as for the European Union.
This results seem to support the "Krugman's View". Ongoing economic and monetary integration reduces impediments to trade and investment, so that production is located where comparative advantage and economies of scale are at work. So, in the future both the European Union and the euro area might be more exposed to asymmetrical economic shocks. In this circumstances, one can expect a lower business cycles synchronization. If government limits its involvement in the economy, specialization measured in terms of employment might go even further and lead to more asymmetrical distribution of economic shocks.
Panel Data Approach
Firstly, panel data approach has been used for all European Union countries. All used time series have proven to be stationary by Levin, Lin and Chu test. Results of estimation are presented in Table 1 .
Control variables show positive signs in case of M2 growth rates and changes in government expenditure, which is the result predicted by the economic theory -the smaller the differences in two countries' economic policy the lower the absolute value of their GDP growth rates. On the other hand, differences in the changes of budget deficit position have negative impact on business cycles synchronization. This result might come from the fact that budget deficits reflect both expenditure and revenue side of government activity, and due to that they are strongly dependent on initial expenditure to revenue ratio. So even in the case of countries highly correlated GDP growth rates, might budget position changes might react differently.
Monetary union dummy variable shows negative sign in all estimated equations. This might suggest that when countries form a monetary union risk sharing is prevailing. In such a case, economic shocks of any nature are spreading more evenly among member states. Also, an impact of international trade on business cycles synchronization is positive. High negative value of regression coefficient, show that its impact is very strong. On the other hand, as preliminary data analysis has shown, the level of trade among European union countries is very stable. Thus, further increases in business cycles synchronization might be very hard to accomplish through trade. But as preliminary data analysis has shown, monetary union member countries tend to trade on average more with each other. So, further monetary integration might lead to tighter GDP growth correlation, through channel of more internationally diversified national portfolios' structure, as well as through increases in trade volume. 86 -5,39 -2,50 11,72 3,76 -6,03 -3,72 Analyzing the impact of structure similarities and convergence seem to be a little bit more problematic. This fact is due to negative autocorrelation among those variables reflected in values of Durbin-Watson statistic (DW). In the first four equations, we can see that obtained coefficients for structure correlation and pairwise-Krugman specialization Index for both production and employment have opposite signs to those predicted by the economic theory. The impact of convergence measured across countries have positive sign, which is expected one -lower differences in GDP per capita yields higher business cycles correlation. When two countries converge in case of real GDP, their consumption and production structure might too. On the other hand, higher level of GDP in catching up countries, can lead to further specialization. Of course, as preliminary data analysis has shown, "the Krugman's View" and specialization seem to be the case of the European Union. Nevertheless, the impact of convergence on both economy structure and specialization is undoubted. This fact can be seen in the last two equations. When we leave out convergence sign of regression coefficients match the ones predicted by the economic theory. So, definitely, the more similar two economies are, the more synchronized their business cycles.
Secondly, panel data approach has been used for the euro area countries. All used time series have proven to be stationary by Levin, Lin and Chu test. Result of estimation are presented in Table 2 .
All conclusions for the European Union can be sustained for the euro area with one very important exception. If we turn to two last equations in Table  2 , we will see the impact of specialization on both trade and monetary union participation -when pairwise-Krugman Specialization Index for both production and employment is taken into consideration both of them become insignificant. This can be explained by higher exposal to asymmetric shocks in case of euro area countries. When specialization variable is considered, not the amount of trade among countries is important for business cycles synchronization, but rather the proportion of intra-industry trade in the whole international trade. With higher specialization, the trade structure is changing and countries tend to export goods they have comparative advantage in. So even with higher overall trade values, the differences in the GDP growth rates might remain unchanged. Also, if monetary integration opens possibilities for higher specialization, a positive impact of risk sharing on business cycles synchronization is outweigh, by an area specific industry location. This also confirms "the Krugman's View" on the future of the euro area. Combining those findings with the ones from the preliminary data analysis forms rather unpleasant perspective for the future of the euro area, which will experience lower and lower business cycles synchronization, if tendency is sustained. 
Conclusions
Generally, business cycles synchronization is tighter in the euro area then in the European Union, but its changes over time exhibit the same tendencies. Since year 2000, in both cases business cycles synchronization (measured by average correlation coefficient of GDP growth rates) has been rising due to monetary integration and increases in international trade value and mostly recent crisis, which affected all European economies. On the other hand, European economies tend to be less and less similar over time, which is proven by lowering of structure correlation coefficient and pairwiseKrugman Specialization Index for both production and employment. What is more, economies similarities in production seem to be dropping at a higher pace then those in employment. This can be explained by lower productivity growth in some sectors, due to impediments in intersectional labor mobility. Moreover, real convergence seems to have a positive impact on economies specialization and structure divergence. This fact is especially strongly visible in the case of euro area. Lack of trade barriers and common currency have a positive impact on business cycles synchronization. Unfortunately, they also have strong positive impact on specialization, which leads to lower portion of intra-industry trade in overall trade and further structure divergence. Both this effects outweigh risk sharing and trade influence on business cycles synchronization. All this data seem to support "the Krugman's View" and bring strong argument for the deterioration of business cycles synchronization in the future.
